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INTRODUCTION
Adaptivity plays a central role for Web-based 
support to work and training processes. Based on 
a diagnosis of the activity of a user within an ap-
plication, an advisor or assistance system compiles 
some useful advices or explanations and delivers 
this assistance to a user. There has been a lot of 
work in this area since the seminal work of Wenger 
(1987) on Intelligent Tutoring Systems, Winkels 
(1992) on help systems, Hayes-Roth (1995) on 
adaptive intelligent system or Brusilovsky, Kobsa 
and Vassileva (1998) on Adaptive Hypermedia. 
Gilbert Paquette
Télé-université, Canada
Olga Marino
Télé-université, Canada
A Multi-Actor Ontology-
Based Assistance Model:
A Contribution to the 
Adaptive Semantic Web
ABSTRACT
Adaptivity plays a central role for Web-based assistance to work and training processes. In the last 
decade, learning and work systems have evolved, from single-user sequential scenarios to multi-actors 
rich learn-flows and workflows. Within the Semantic Web, resources, activities, and actors are refer-
enced semantically using ontologies, while the user model focuses more on the user’s cognitive state 
than on simple interface adaptation. The assistance model elaborated in this chapter is composed of a 
hierarchy of rule-based agents that interacts with semantic annotation of scenario components such as 
actors, activities, and resources. Ontology-based assistance in multi-actor scenarios is a contribution 
towards the adaptive semantic Web.
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All these research orientations share in common 
the goal to personalize computer-based environ-
ments based on some user model.
More recently, recommender systems 
(Frankowsky and al. 2010) shifted a bit the 
focus, exploiting various techniques to recom-
mend resources delivered on the Web such as 
music CDs, movies, news, electronics, travel or 
financial services. Commercially mature recom-
mender systems have been integrated in popular 
e-commerce web sites such as Amazon or eBay. 
Still, various limitations of the current recom-
mendation methods and extensions need to be 
overcome to provide better recommendation 
capabilities. According to Adomavicus and Tu-
zhilin (2005), “these extensions include, among 
others, the improved modeling of users and items, 
incorporation of the contextual information into 
the recommendation process, support for multicri-
teria ratings, and provision of a more flexible and 
less intrusive recommendation process”. We will 
provide here a model proposal pertaining to the 
first two of these issues, which are also relevant 
in other application area such as ITS, help desks 
and adaptive hypermedia.
In this chapter, we use the term “assistance 
system” to encompass all kinds of services to Web 
users to help them process task-based scenarios 
and find resources suited to their knowledge, 
competency and context of use. We will focus 
here on personalized assistance given to users 
based on ontology modeling and semantic Web 
techniques, an area part of the “Adaptive Semantic 
Web” (Dolog and al 2003) that we call in this pa-
per “Ontology-based Assistance Systems”. Here, 
adaptivity is seen as a particular kind of assistance 
where task or activity scenarios provide the main 
context of use. The assistance system provides 
recommendations to extend or personalize such 
multi-actor taks/activity scenarios or workflows.
Our research program on assistance systems 
has started in 1994 where we built a first assis-
tance system for AGD1 (Paquette, Pachet, Giroux 
& Girard 1996), a computerized workbench for 
course designers. We developed the EpiTalk ap-
proach to build it, a generic method that has been 
applied afterward in other contexts. In the late 
nineties, we integrated assistance capabilities into 
Explor@ (Girard, Paquette, Miara and Lundgren-
Cayrol 1999), a learning content management 
system (LCMS) for on-line education. In a third 
project, this concept of an assistance system was 
adapted to the ADISA2 instructional engineering 
system (Paquette, Rosca, De la Teja, Léonard & 
Lundgren-Cayrol 2001) again to assist instruc-
tional designers. A generic model for assistance 
systems has also been elaborated (Paquette et 
Tchounikine 2002; Basque, Dufresne et al. 2003) 
based on these previous projects. More recently, 
within the LORNET3 and PRIOWS4 projects, a 
new stream of research for assistance in the context 
of multi-actor workflows or scenarios has started. 
This is the focus of this chapter.
In section 1, we will summarize the EpiTalk 
approach and the concept of epitphyte assistance 
and we will exemplify this concept in the context 
of our previous AGD system. In section 2, we will 
address the problem of advising users in multi-
actor workflows, using the TELOS system as a 
generic host system, focusing first on progress 
in a specific activity scenario. In section 3, we 
will extend the assistance model to ontology and 
competency-oriented user modeling. In section 4, 
we will address some implementation issues and 
provide an example. In the concluding section 5, 
we will situate the model in relation to other work 
in related research areas.
EPIPHYTE ASSISTANCE FOR 
A HOST ENVIRONMENT
EpiTalk is a generic method that we designed to 
facilitate the development of assistance systems 
that are grafted to a host system. Such a system is 
called “epiphyte”, a biological term that describes 
an organism that lives with another called the host, 
without becoming a parasite that would disturb 
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its functioning. The assistance system requires, 
besides a model of the host system, a representation 
of the task to be achieved using the host system. 
Such a representation is provided by an activity 
scenario model, which is a partially ordered set of 
activities, performed by one or more actors, where 
the actors consult or use input resources, produc-
ing new resources to be used in other activities.
Let’s use a simple example. Imagine a designer 
who wants to build assistance for a given task to 
be achieved using a spreadsheet. The designer 
will need to choose a viewpoint on the applica-
tion. Assistance on a budget analysis task will be 
quite different from one to support the planning 
of a project. Some spreadsheet functions will be 
useful for the budget task, but not necessarily for 
the project planning operations. For assistance, 
we need a model of the task that we call an activ-
ity scenario. Such a model is based on a tree of 
activities such as the one shown on the left part 
of Figure 1. The main activity is decomposed 
into sub-activities on a number of levels down 
to terminal activities. This tree of activities is the 
backbone for the design of an assistance system.
Once this activity tree is completed, the de-
signer should identify in the host system which 
tools, which documents and what kind of interac-
tion with the host system are relevant to each 
activity. For each activity, the designer can add a 
context that describes progress levels within this 
activity, decomposing this activity into ordered 
stages. Each of these progress levels is an abstrac-
tion of a diagnosis condition. These conditions 
can refer to the state of the application, to the 
user’s productions and/or to his actual knowledge 
and competency. At any time, the user is modeled 
by the set of its progress level within each activ-
ity of the task tree. The last step in designing an 
assistance system is to define the intervention of 
each advising agent, in short advisors. This inter-
vention rests on an expertise that can focus on 
progress levels, on the quality of the results ob-
tained by the learner by comparing it to some 
norm, or on on the user’s knowledge and compe-
Figure 1. Activity tree and a corresponding assistance tree of advisors for the AGD system
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tency progress. The formalization of this expertise 
can take the form of a set of rules, each with a 
pattern detection part combining diagnosis condi-
tions and an action part (presenting a message, 
displaying a tool, etc.) to be performed when a 
certain pattern is detected. These rules can also 
update the user model that later will serve to trig-
ger other conditions.
The AGD Instructional 
Engineering Advisors
Figure 1 above presents an example from the first 
AGD assistance system that was built using the 
EpiTalk approach. On the left, we display part of 
the activities’ tree. The activities (ovals) are being 
achieved using the tools provided by the hosting 
AGD system. On the right, we see part of a cor-
responding tree of advisors, each advisor being 
a component of the assistance system.
In this example, the upper part of the tree of 
activities shows that the main task of a designer, 
“Design a learning system”, is decomposed into a 
number of levels. In fact, in this activity tree there 
is a total of 168 sub-activities not shown here, 
including “Model knowledge and activities” and 
its sub-activity “Construct knowledge model”, 
which is further decomposed into terminal activi-
ties like adding or deleting knowledge or links in 
the model. Terminal activities represent tasks that 
correspond to direct user actions or set of actions 
in the AGD host system.
On the right side of Figure 1, we see that the 
tree of advisors has a similar form. It is composed 
of agents that contribute externally (in an “epi-
phyte” way) to the control of their corresponding 
activities by giving assistance to the actors re-
sponsible for that activity. This assistance is based 
on information from an actor’s action in the host 
system, provided by the terminal “spying agents” 
that report input information to the agent. This 
information enables EpiTalk to build a structured 
memory of the user’s actions and progress levels 
pertaining to the activities.
Taking into Account Knowledge 
and Competencies
Our first assistance systems were based on pro-
ductions and actions of single users in the activity 
scenarios, not on their knowledge and competency 
progress. In the Explor@ LCMS, we added such a 
dimension to assist actors in Web-based environ-
ments, still providing a generic assistance system 
based on the EpiTalk approach. This time, the 
host environment was any learning environment 
based on a hierarchical activity structure (AS) 
built using Explor@’s activity editor. Unlike the 
AGD case, another editor helped build another 
tree, the knowledge structure (KS), that describes 
a hierarchy of the concepts to be acquired during 
the learning activities, together with associated 
competencies targeted for each main concept. By 
the association between the two structures, each 
activity, as well as the resources used or produced 
in the terminal activities, received a knowledge 
and competency description that could be used 
to model the user. If an activity succeeds, if a 
resource is produced and well evaluated, then the 
corresponding knowledge and competency can be 
upgraded in the user model and later on, serve to 
trigger more personalized advices.
In Explor@, the updating of the user model is 
done essentially in three ways: by the designer’s 
predefined rules, by querying the user (or other 
actors such as a tutor or trainer) at run time and by 
some actions the user can take directly to modify 
his model. The editor tool for the assistance sys-
tem has evolved from being a rather complicated 
interface to an easy “fill-in-the-form” format 
intended for the advice designer.
ASSISTANCE TO MULTI-ACTOR 
TELOS SCENARIOS/WORKFLOWS
Our recent work on assistance systems is based 
on these two approaches, the EpiTalk method, and 
the knowledge/competency referencing of activi-
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ties and resources, but it is oriented in a different 
context and towards a more comprehensive goal. 
We design assistance systems in the context of 
the TELOS system (Paquette, Rosca et al, 2006 
; Paquette and Magnan, 2008). The environments 
built with TELOS are the host systems of the 
advising process.
TELOS is a service-oriented, ontology-driven 
system that helps build on-line environments for 
learning or work. Its basic principle is the aggrega-
tion of resources into visual activity scenarios. In 
TELOS, the task model (i.e the scenario) can be 
more elaborated than in our previous projects; it 
may represent multi-actor processes or workflows 
with various control patterns such as splits and 
joins. These scenarios can also be intended for any 
kind of actors, for engineers who aim to extend 
the services given by the system, for technologists 
who build designers’ platforms, for designers who 
built courses or work scenarios and for the final 
users who interact in these scenarios.
Advisor Agents and Insertion Points
TELOS provides the possibility to add, to an exist-
ing scenario, any number of local advisor agents. 
Together, they constitute the assistance system to 
this scenario. These Agents are inserted graphi-
cally in scenarios by linking them to an activity, a 
multi-activity (activity repeated by members of a 
group) or a function (group of activities or func-
tions). These are called the insertion point of an 
agent, the locations where the assistance will be 
provided at runtime, based on events triggered at 
this point or within lower level of the task model.
Figure 2 shows one example of a scenario 
with one high level advisor agent linked to act 2 
of the scenario, which is represented by an oval 
shape on the visual model, labeled “Team and 
Group Discussions”. Act 2 is decomposed into 
three activities on the right hand window: “TeamA 
discussion”, “Team B discussion” and “Group 
discussion”. Three lower level advisor agents are 
inserted on this sub-model; each linked graphi-
cally, by an “R” (regulate) link to the activities 
Figure 2. Integration of advisor agents at various insertion points in a multi-level scenario
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to which they are assigned. For example, agent 
2.3 provides assistance to the group discussion. 
This means that potentially, it can assist all the 
actors involved in this activity, the teacher and 
the students involved in Team A and in Team B. 
It can also assist with the use of the Discussion 
Forum tool that supports this activity. Of course, 
the group discussion has phases and steps. It can 
be decomposed down to terminal activities where 
more specialized agents can be inserted. This is 
how the hierarchical assistance system is grafted 
on the scenario.
At an insertion point, there can be many actors 
that intervene in that activity, multi-activity or 
function. The TELOS ontology, and also the IMS-
LD information model (IMS 2003) both define 
actor categories that are “explorers” such as learn-
ers or knowledge workers, and facilitators such 
as coaches, tutors, or technical support staff. Both 
categories are the end users of the scenario that 
will be assisted by the advisor agents, in relation 
to these actors’ user model. In a scenario, advisor 
agents can also notify administrators and design-
ers related to the scenario but not acting in it. A 
notification to these actors can be sent for ex-
ample when a problem needs to be fixed in the 
scenario model or in a run-time instance of the 
model. In the situation of Figure 2, assistance will 
be given to students in both teams and to the 
teacher. Notifications will be given to designers 
that have composed this scenario or to users that 
have administration rights on the scenario.
An Ontology Defining the 
Assistance System
An extension of the TELOS technical ontology 
has been built to provide a definition for the ad-
visor agents that compose the assistance system. 
This is shown on Figure 3, which is a MOT-OWL 
graphic model (Paquette 2008) representing the 
ontology of an advisor agent. An advisor gives 
assistance (applies) at exactly one insertion point 
in a scenario. At this insertion point (activity, 
multi-activity or function), there are actors in-
volved in the activity. The agent will advise some 
of them, others will not be advised, at the choice 
of the designer of the assistance. The advised 
explorers are users who have a user model in the 
system that will be regularly read and updated by 
advisor agents, in this scenario, and possibly, in 
other scenarios.
On the right side of Figure 3, we state that 
each advisor is defined essentially by one or more 
assistance rules. Each individual rule is composed 
of a launching event that occurs at the insertion 
point when the activity, multi-activity or function 
is started, suspended or completed for example.
A rule has a condition composed of attributes 
of the user’s model that are compared to values. 
Rule conditions can check on user preferences 
(initiator of the assistance, learning style, socio-
cultural indicators, etc.). They can also check 
on attributes of previous actions in the TELOS 
scenario (tasks achieved, resources consulted 
or produced, assistance asked, etc.). In more 
advanced prototypes, they will take into account 
competencies stored in the user model, a portfolio 
that provides evidence on a user’s competency, 
and also attributes for group collaboration and 
affective attitudes.
Finally, a rule has an action part. When con-
ditions are met, the action part of the rules can 
provide messages to the user, modifications to 
the user model or notifications to other actors.
Figure 4 provides a schematic view of the 
components that can appear in an advised explorer 
user model. Such a model is composed of triples: 
a property or attribute of the user, a relation, and a 
value of the attribute. These are the basic blocks 
composing conditions in the rules of any advisor.
We distinguish five components in such a 
model:
• Progress in a scenario groups data on the 
ways the activities are performed, the re-
sources are used and produced and on 
evaluation results on the quality of the per-
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Figure 4. Description of the user model and its components
Figure 3. Upper model of the ontology defining a TELOS advisor agent
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formance of the user in a scenario; this data 
is updated dynamically while the scenario 
is running but is not persistent; at the ter-
mination of the scenario, some of this epi-
sodic data can be used directly, or after a 
filtering and aggregation step, in order to 
update the persistent user model.
• Preferences and context of the user: lan-
guage, learning style, advice initiator, cul-
tural and professional context; this data is 
persistent and static; it can be updated from 
time to time by the user itself or by some 
other actor.
• Competency model groups data about the 
knowledge and competency acquired by 
the explorer through one or more scenarios.
• Collaboration profile groups data on the 
way he/she collaborates with others in the 
use of collaboration tools and the user’s 
participation in collaborative activities.
• Affective profile reflects his/her affective 
attitudes towards different kinds of ac-
tivities and resources. These are collected 
from the user’s annotation of activities and 
resources in various scenarios.
The last four components of the model are 
persistent data; the last three can evolve from one 
scenario to another by synthesizing data in the 
scenario to improve these parts of the model. In 
the following section, we will only describe the 
persistent competency model that will serve as a 
basis for a future implementation. In the following 
section of this chapter, we will present a generic 
prototype for defining advisor agents.
ADVISORS INFORMED WITH A USER 
MODEL BASED ON COMPETENCIES
Giving rich advice demands, on one hand, know-
ing the task for which advice will be given and, 
on the other hand, knowing the user in charge of 
the task, that is, exploiting a user model. Although 
all actors in a multi-actors process may have a 
model, the user model is primary intended for 
the explorer (learner, worker) who is at the end 
the responsible and beneficiary of the process.
One of the main components of the user 
model, as explained in the preceding section, is 
the competency model. This competency model 
includes user competencies as well as their rela-
tions to other user model components.
Knowledge and Competencies
To state that a person has to “know” something, 
or has to have some particular “knowledge” is an 
ambiguous, non evaluable, statement. Competen-
cies enrich such statements by specifying what 
this person is able to do with this knowledge (her 
generic skill), in which context, under what condi-
tions and in which performance context (Paquette 
2007). Thus a competency statement associates 
a generic skill and a performance context to a 
knowledge component. Skills are generic abilities, 
independent of the knowledge domain, such as: 
memorizing, applying rules, solving some kind of 
problems or evaluating other’s solutions. They are 
organized as an ordered list as a taxonomy with 
basic skills at the lower levels and more complex 
ones at a higher level. The performance contexts 
include things such as time taken, accuracy of 
use, working with or without help, etc. Finally, the 
knowledge part refers either to domain specific 
knowledge (like parts of physics or history) or 
to generic knowledge (such as communication, 
collaboration or leadership). Knowledge can be 
described by a textual sentence but for a more 
intelligent manipulation (like making inferences), 
knowledge should be represented in a more formal 
way as an ontology. Thus a competency is link to 
an element of an ontology.
A Competency-Based User Model
The competency part of the user model represents 
his/her cognitive achievements and state. This 
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model is composed of three main parts and is 
described by an ontology. The core of the model 
is the list of the user competencies, They repre-
sent the set of pertinent competencies he/she has 
acquired in his/her life. Based on the definition of 
competency presented in the previous paragraph, 
the user competencies are described in terms of 
knowledge, skills and performance; the two last 
components are grouped under the notion of mas-
tery indicators. The competencies are grouped by 
domain. In a particular moment in time, the model 
will contain the highest competencies achieved 
by the user.
The competency model contains also docu-
ments (texts, videos, images, applications, etc.) 
produced by the user. These productions or 
resources are structured in an e-portfolio. Pro-
ductions may help to provide evidence of some 
user competencies. Thus, a competency may 
be related to one or more productions and one 
production can be used as evidence for one or 
more competencies. It is interesting to note that 
the productions of an e-portfolio may correspond 
to outcomes of a learning process but they may 
also be either documents or references to physi-
cal objects that are created by the user outside a 
learning situation. The user of an e-portfolio may 
include productions developed in his/her working 
environment or as the result of a personal activity 
such as a hobby or a travel.
The context in which a competency has been 
achieved is also stored in the model. This context 
includes the date of achievement as well as the 
tasks that led to this learning and the link to the 
evidence, if one exists in the e-portfolio. Figure 
5 presents the ontology of the competency model 
component of the user model.
One interesting element of this competency 
model is the evaluator agent, which completes 
the competency context information. Indeed, 
several agents or actors can state the user’s achieve-
ment of a competency: the user himself, some 
teacher, his employer, a sport coach, or even a 
Figure 5. Description of the competency model of the user model
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software agent like the learning environment or 
the advisor agent,
A Multiple-Viewpoints User Model
More than one actor may want to assess certain 
user competencies. The user model can be con-
nected to various learning systems as well as to 
other business systems and can be accessed directly 
by authorized users to reflect different viewpoints 
on the user competencies. Those viewpoints are 
not pre-established but settled by the context of 
the activity scenario. Although conflict resolving 
rules might be established as to determine who has 
the last word, a richer user model should keep all 
viewpoints to have the whole picture of the user 
as seen by different actors. The proposed model 
is thus an enriched model that keeps track of dif-
ferent viewpoints on user competencies, one per 
actor or agent allowed to modify and consult the 
user model (Moulet L., Marino O., Hotte R., Labat 
J-M. 2008). The model of Figure 5, hereafter called 
the core model, keeps consensual information, 
while viewpoints related to this core model keep 
information as stated by one particular actor or 
agent as shown on Figure 6.
All productions and competencies are kept in 
the core model when they have been widely agreed. 
A customizable negotiation algorithm coordinates 
competency proposals so that all users are in-
formed and negotiate the competency assessments. 
If a consensus is reached, the assessed compe-
tency is stored in the core model; otherwise, it is 
kept in the proposer’s viewpoint model. Links 
relating a competency with a product, as to state 
that this product is an evidence of that compe-
tency, are stored in the core model, if consensual, 
or in a viewpoint otherwise.
An Evolving User Model
A person is constantly acquiring new knowledge 
and competencies and producing new resources 
and knowledge (by learning, working, interact-
Figure 6. Combining viewpoints on the competency model
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ing, etc.). The user model evolves in time. The 
user model system keeps record of the different 
versions of the user model as well as of the tran-
sition (time and action leading to the transition) 
from one version to another. This history allows 
for long terms analysis of the user and gives an 
advisor agent the possibility of advising based, 
not only on the current user’s cognitive state, but 
also on its evolution.
The Assistance Model Based on the 
Competency-Based User Model
As explained in section two, an Advisor agent is 
connected to the scenario through an insertion 
point. Each agent’s behavior is stored in a set 
of rules (events, conditions, actions), where the 
events correspond to state changes in the activity 
or function (termed “insertion point”) or in the 
related resources, caused by the explorer actions. 
The conditions can check on user preferences, on 
previous actions in the TELOS scenario, on com-
petencies stored in the user model, on a portfolio 
providing evidence on a user’s competencies, on 
group collaboration or other indicators. When the 
conditions of a rule are met, the action part of the 
rule provides messages to the user, modifications 
to the user model, notification to facilitators, de-
signers or administrators or suggestions on how 
to use or modify the scenario.
The assistance system is usually composed of 
Advisor agents at various levels of decomposition 
of the process: agents at a lower level advise on 
particular activities, while higher level agents 
advise on more complex tasks. The assistance 
system as a whole can be assigned a viewpoint 
in the model, in which case the modification of 
an attribute of the user model is proposed by this 
viewpoint to all other viewpoints. If the proposi-
tion is accepted, the modification is integrated 
into the core model; otherwise it is stored only 
in the advisor’s viewpoint. But often, the advi-
sor will directly modify the core user model, for 
instance by adding productions to the e-portfolio 
or by modifying attributes related to preferences 
or resources used.
The full power of the assistance system is 
obtained when the semantic model of the user, the 
competency model, is in line with the semantic 
model of the scenario. The semantic model of the 
scenario contains information on the competen-
cies involved in the resources and the activities 
or tasks proposed by this scenario. At a global 
level, an instructional designer defines the objec-
tives and prerequisites of the training. Described 
in terms of competencies, these objectives and 
prerequisites become the first semantic refer-
ence of the scenario. But local advisors need a 
semantic reference of the advised activity. A rich 
semantically referenced scenario should thus have 
prerequisite competencies and target competen-
cies for all activities involving advisor agents. 
Both, the user’s and the scenario competencies, 
refer to the same skill taxonomy and to the same 
domain ontology, allowing thus for semantically 
rich advise. For instance, an advisor agent can 
compare the prerequisites of the activity with the 
user competencies and, if the user doesn’t have 
the required skill level, it can propose additional 
learning resources to be studied prior to the activity.
IMPLEMENTATION OF THE 
ASSISTANCE MODEL
The assistance system is being developed in the 
context of the multi-actor processes built with 
TELOS. Its implementation process is incremental 
and iterative. A first prototype has been developed, 
limited to wired-in assistance to learning system 
designers for a single design process. A second 
prototype will be presented here, of which there 
is a preliminary version being tested. It takes into 
account a simplified version of the user model 
composed of progression attributes in a single 
scenario. A third prototype considering the com-
petency core user model will be our next target 
and finally, we will develop an assistance system 
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that takes advantage of viewpoints and evolution 
in the user model.
The Assistance system has a multi-agents 
architecture. Each agent in the system (i.e advi-
sor) is linked to an activity, a multi-activity or a 
function. These insertion points may be further 
decomposed in sub-activities, which may have 
other advisors associated to them. Thus the multi-
agents system organization is an isomorphic image 
of the tree of models and sub-models composing 
the activity scenario (or task model) it advises (see 
Figure 1 and 2). Agents placed lower in the activity 
decomposition hierarchy can communicate with 
higher located agents through message delegation.
Rule-Based Agents
In the actual implementation, an agent is a rule-
based intelligent system. The agent rules are 
composed of four elements: the events triggering 
the rule, the condition that must be satisfied, the 
action to be executed if the condition is satisfied 
and the actor targeted by the action.
Events tracked by an advisor agent are pro-
duced by TELOS while executing a scenario. Main 
events concern the change in the state of the activ-
ity advised by the agent. These events include for 
example: activity activated (ready to be executed), 
entered, suspended, completed (eventually with a 
production as the outcome), completed by force 
(such as a timeout or cancelled). Other events 
concern the use of a resource declared as input 
to the activity (opening or closing it). Finally, 
agents track the event of delegation generated by 
a sub-agent to an upper agent.
The conditions of each rule related to the 
event are evaluated. If a condition evaluates to 
true, the associated action in the rule is executed. 
The condition of a rule is a Boolean expression 
with logical and relational operators on terms 
that may be constant values or attributes of the 
elements of the scenario within the scope of the 
advisor agent. Those elements are components of 
the model of the advised user, the activity itself, 
the resources used or produced and other actors 
related to the activity.
Actions associated to a rule include: giving 
an advice to the explorer, in the form of a pop-
up window with text or images; suggesting him/
her additional resources or activities; sending a 
notification to another actor of the scenario, for 
example to alert them of some explorer difficulties 
or directly modifying the explorer’s user model 
attributes (for example regarding preferences 
related to the assistance or adding the outcome of 
the activity to the user’s portfolio). A last action 
is delegation, useful in cases where the event is 
worth tracking, but in which the local agent doesn’t 
have all the information to give a wise advice, 
while one of its parents might have.
An agent is activated when the activity it is 
linked to is activated and it remains active until the 
activity is completed or cancelled. After execut-
ing the rules related to the event of completion 
or cancelation, the agent is destroyed. When an 
activity is completed or cancelled, all sub-activities 
that are running are completed or cancelled and 
consequently, the agents associated to these sub-
activities are also destroyed.
In this second iteration of the system, the 
agent system runs as an independent application 
launched in parallel to the scenario execution, 
while the user model is integrated into the TELOS 
ontology. Following iterations will consider an 
independent user model.
Editing the Agent
The TELOS system provides a visual scenario 
editor to describe the scenario elements: process 
elements (activities, functions, conditions, transi-
tions), data (input resources and outcomes) and 
actors (human and software agents). This editor 
has been extended to include the advisor agents 
as a new kind of component.
Figure 7 shows part of a course on software 
engineering. A book (UML reference) a software 
tool (Rose UML modeler), the project specifica-
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tion to de developed and the learner actor are all 
connected to the function “software engineering”. 
These components are situated at the upper level 
of the scenario to indicate that they participate in 
all the activities within that course. The course 
has four sequential activities (Figure 8) and one 
additional initially hidden activity, “O.O. program-
ming”. To integrate the assistance, a global advisor 
is connected at the most upper level (Figure 7) as 
well as the learner model.
Three other advisors are directly connected to 
final activities of the lower model (Figure 8). 
Advisor 1 can propose additional initially hidden 
activities. Advisor 2 reacts to finishing an activ-
ity having an explicit outcome produced by the 
learner called “project use cases”, it suggests 
Figure 7. An example of aTELOS learning scenario supported by advisors: uppermost model
Figure 8. TELOS learning scenario supported by advisors: lower model
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adding this information to the learner model as 
evidence of competency acquisition. Advisor 3 
will recommend a particular document between 
the two proposed by the designer (“UML and 
control patterns” and “UML for dummies”. Fi-
nally, the general advisor will react to students 
spending too much time on the first three activi-
ties.
RELATED RESEARCH 
AND FUTURE WORK
In the research program we have described in 
this chapter, there has been a close interaction 
between developing a method for computer-based 
assistance to a host environment, and systems that 
realized the method. The EpiTalk method has been 
first elaborated by building a first advisor, but in a 
generic way. This proved the value of the method 
that was later adapted and extended to advising in 
an on-line LCMS. Then more theoretical work was 
done on the method and applied to a new case. In 
the recent work presented in this chapter, the model 
of the method was transformed into an ontology 
that can become part of an ontology-driven sys-
tem like TELOS, to enable an assistance system 
grafted on an activity scenario by a hierarchical 
tree of advisor agent.
Similarly to Dolog, Henze et al (2003), our 
approach is based on rule-based reasoning enabled 
by semantic web technologies. Because TELOS 
is an ontology-driven distributed system, the rules 
of any advisor agent in the assistance system are 
also able to reason over distributed information 
resources annotated with semantic web metadata. 
This is why we consider that our research contrib-
utes to the concept of an “Adaptive Semantic Web”. 
But our approach goes further in two ways. First 
the documents are annotated, not only by concepts, 
but also by OWL ontology classes, instances and 
properties describing a knowledge domain. Further 
more, to this knowledge metadata, competencies 
are attached and serve to provide a more precise 
description both of the users’ competencies and 
of the competency involved in the resources and 
activities of the scenario on which the advisors 
are grafted. This provides a richer basis for as-
sistance that we will need to explore further. 
Another aspect of our work that goes further that 
previous work addresses multi-actor assistance. 
Indeed, TELOS supports multi-activities and the 
assistance system traces the actions of each user 
and can give individual or group advices. We are 
currently exploring the interaction of single users 
and groups in an activity scenario as well as the 
possible corresponding assistance rules.
In their overview of the field of recommender 
systems, Adomavicus and Tuzhilin (2005), con-
clude that improvements must me made to these 
systems, in order to improve recommendation 
capabilities and applicability to a larger range 
of situations. They recommend in particular “an 
improvement of understanding of users and items 
(i.e resources), an incorporation of the contextual 
information into the recommendation process, 
support for multicriteria ratings, and a provision 
of more flexible and less intrusive types of recom-
mendations.” We feel we have started to address 
the first two of these suggestions and will have to 
work on the other two aspects. On the first one, 
the semantic annotation of users and resources by 
competencies (generic skills applied to knowledge 
in domain ontologies) certainly improves the as-
sistance system’s or a recommender’s understand-
ing of users and items. On the second aspect, the 
activity scenario provide a formal view of the 
task and actor interaction contexts, while the per-
formance context embedded in the competencies 
adds important contextual information.
Our next work will be to extend the actual pro-
totype with the more comprehensive user model 
based on domain ontologies with competency 
attachments from various sources or viewpoints 
that has been presented here. This is a new and 
exciting work that should fit well with the inter-
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national effort on recommender systems, merging 
Social and Semantic Web preoccupations.
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ENDNOTES
1  AGD stands for “Atelier de génie didactique” 
that translates to: “Instructional engineering 
workbench”.
2  ADISA stands for “Atelier distribué 
d’ingénierie de systèmes d’apprentissage” 
that is: “Distributed learning systems engi-
neering workbench”.
3  LORNET stands for “Learning Object Re-
positories NETworks”, a five-year research 
network on learning object repositories net-
works for the Semantic Web (www.lornet.
ca)
4  PRIOWS: “Programme de recherche sur 
l’ingénierie ontologique et le Web séman-
tique” is a Research Program on Ontological 
Engineering and the Semantic Web”, http://
www.licef.ca/Sitesdeprojets/PRIOWS/
tabid/1567/language/en-US/language/fr-
FR/Default.aspx
